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ABSTRACT
This study evaluated the peripheral and central auditory performance of a 13 year-old
male with Brachmann-de Lange Syndrome (BdLS). Clinical, behavioral, and peripheral
audiometric tests, and a central auditory processing test battery consisting of seven subtests
were administered. The results from the peripheral tests and central auditory processing test
battery are reported. This study provides a detailed profile of the auditory performance of one
individual with BdLS. In addition, it contributes to the limited literature available on hearing
as a characteristic of Brachmann-de Lange Syndrome. The results of this study also provide
useful information about the hearing characteristics of a child with BdLS for speechlanguage pathologists, audiologists, parents, caregivers, and others who might work with
individuals with this rare syndrome.
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CHAPTER I
INTRODUCTION
Brachmann-de Lange Syndrome (BdLS) is a rare congenital disorder that was
first described by Dr. W. Brachmann in 1916 during an autopsy of a child. Dr. Cornelia
de Lange further described BdLS in 1933, as she made the first diagnosis of the
syndrome. This syndrome involves congenital malformations of the head, face, and body,
growth retardation, and neurodevelopmental delay (Jackson, Kline, Barr, & Koch, 1993).
The cause of Brachmann-de Lange Syndrome is unclear; however it is attributed
to a gene mutation. Currently, research is being conducted to find a definitive cause of
BdLS (CdLS Foundation, 2001). Because the cause of BdLS is unknown, the diagnosis
of the syndrome is made based on clinical observation (Goodban, 1993).
Physical characteristics exhibited in individuals with BdLS commonly include
low biAh weight, delayed growth, small stature, microcephaly (small head size),
excessive hair growth and anomalies of the hands and feet. Common facial features
include: thin eyebrows that meet at the midline (synophrys), an elongated philtrum, long
eyelashes, an upturned nose, and thin, down-turned lips (Goodban, 1993). Some common
physical problems associated with BdLS are heart lesions and gastrointestinal problems.
In most cases of BdLS, mental retardation, speech and language delay or absence,
and hearing loss are exhibited. Most commonly, the mental retardation accompanying
BdLS is in the moderate to severe range (Goodban, 1993). However some individuals
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with BdLS may have normal or slightly below normal intelligence (CdLS Foundation,
2001 ).

The speech of individuals with Brachmann-de Lange Syndrome is characterized
by distortions and omissions of sounds, primarily consonants. This population typically
has better language production than comprehension, but still may only exhibit limited
vocalizations. However, some individuals with BdLS never develop speech or language
(Goodban, 1993).
There is limited information that exists on the hearing characteristics of
individuals with Brachmann-de Lange Syndrome. The existing literature suggests that the
most common type of hearing loss seen in individuals with BdLS is a sensorineural
hearing loss. The degrees of the reported losses vary among the individuals from a mild
loss to profound deafness. Although some studies do identify the specific type and degree
of hearing loss that exists, limited audiometric tests were used to make the diagnosis. In
addition, no studies have been completed reporting the central auditory performance of
individuals with Brachmann-de Lange Syndrome.
The purpose of this study is to assess and report the peripheral and central
auditory performance in a 13 year-old child with Brachmann-de Lange Syndrome using a
variety of audiometric tests and a central auditory test battery. It is hoped that this study
will add to the limited literature available on this subject and provide useful information
about the hearing characteristics of individuals with BdLS. This information will help
speech-language pathologists, audiologists, caregivers, and others that may come in
contact with individuals with Brachmann-de Lange Syndrome understand more about the
syndrome and implement successful intervention and rehabilitation strategies.
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CHAPTER II
REVIEW OF LITERATURE
History of Brachmann-de Lange Syndrome
Dr. Cornelia de Lange, a Dutch pediatrician, provided the first complete
description o f Brachmann-de Lange Syndrome in the year 1933, after observing two
young girls admitted to the same hospital within weeks of each other. The two children,
one 17 months old and the other 6 months old, presented similar congenital problems and
unusual facial characteristics (CdLS Foundation, 2001).
Although Dr. de Lange is most commonly credited for describing this syndrome,
the literature also reports another contributor. In 1916, Dr. Winifred Brachmann provided
a description of a 19-day old child at an autopsy with similar features as noted by Dr. de
Lange in 1933. Dr. de Lange may have overlooked the description provided by Dr.
Brachmann, because his report focused mainly on the upper limb deficiencies and less on
the facial characteristics of the child. Because both Dr. de Lange and Dr. Brachmann
made substantial contributions to the identification of this syndrome, both their names
have been attached to this syndrome, which is commonly referred to as Brachmann-de
Lange Syndrome (BdLS) (Jackson, et al., 1993).
Brachmann de-Lange Syndrome was thoroughly investigated throughout the
1960s. By 1969, 239 patient reports were published (Marres, Cremers, & Jongbloet,
1989). Today, research continues on BdLS, because the cause of the syndrome is still
unknown.
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Etiology and Diagnosis
The exact cause of Brachmann-de Lange Syndrome is unknown. However, the
suspected cause of the syndrome is a gene mutation. According to the CdLS Foundation
(2001), “it is likely that if a gene is involved, it is simply a rare and random mutation.” It
is very uncommon for the mutant gene to be passed on to the next generation, because
individuals with BdLS rarely have their own children. However, this is not to say that the
mutated gene is never passed on, as there have been rare cases in which an individual
with mild BdLS has had a child with the syndrome (CdLS Foundation, 2001). If parents
do have a child with BdLS, the recurrence risk of the syndrome in subsequent children is
approximately 2-5% (Hawley, Jackson, & Kurnit, 1985; Sataloff, Spiegel, Hawkshaw,
Epstein, & Jackson, 1990).
According to Goodban (1993), because the cause of Brachmann-de Lange
Syndrome is still unknown, the diagnosis of this syndrome is made based on clinical
observation of facial, physical, and behavioral characteristics. The diagnosis of BdLS is
made at the time of birth or shortly thereafter (Pulec & Sadaat, 1995). However, in some
cases a diagnosis cannot be made at birth, because the typical characteristics of the
syndrome are not present during the first year of life. Sataloff et al. (1990) report that
there must be at least eight characteristics present of the many associated with BdLS to
make a diagnosis of the syndrome. In addition, the diagnosis is based on the individual’s
case history and a thorough physical examination (Sataloff et al., 1990).
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Incidence
The incidence of Brachmann-de Lange Syndrome is difficult to report for several
reasons. These include the rarity of the syndrome, its unknown cause, and the fact that
diagnoses are being made based on clinical observations. Regardless, estimates have been
made about the rate of occurrence of BdLS. The CdLS Foundation (2001) reports that
BdLS occurs in approximately 1:10,000 and 1:30,000 live births. Sataloffet al. (1990)
stated that the incidence of BdLS is 1:10,000 and that it affects boys and girls equally.
Manifestations of Brachmann-ie Lang Syndrome
There are numerous characteristics associated with Brachmann-de Lange
Syndrome. Since there is no known cause of this syndrome, it is very important to be
aware of the many manifestations of BdLS, as they play an important role in the
diagnosis of the syndrome.
Jackson et al. (1993) did a clinical review of 310 individuals with Brachmann-de
Lange Syndrome and noted many of the major manifestations associated with the
syndrome. These manifestations include excessive hair growth, distinct facial features,
limb abnormalities, and other medical problems.
According to Jackson et al. (1993), excessive hair growth is a common feature
displayed in individuals with BdLS. Of the individuals in this study, 92% had a low
posterior hairline and 99% had confluent eyebrows and long eyelashes.
There are many distinct facial features that make up the typical facial appearance
of an individual with BdLS. The most common facial features seen in this population, in
addition to the excessive hair growth previously discussed, are thin lips, a prominent or
long philtrum, and down-turned angles of the mouth. Some of the other facial features
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noted in individuals with BdLS include low set ears, broad and/or depressed nasal bridge,
anteverted nostrils, bluish tinge around eyes, nose and/or mouth, micrognathia, a higharched palate, short neck and widely spaced teeth (Jackson et al., 1993; Sataloff et al.,
1990; Marres et al., 1989; CdLS Foundation, 2001).
Many individuals with BdLS also have limb abnormalities in addition to their
distinct facial features. Jackson et al. (1993) reported that the most common limb
abnormalities, present in 93% of the 310 individuals studied with BdLS, are small feet
and hands with short digits. Some less common limb abnormalities seen in this
population include webbing of 2-3 toes, limited extension of the elbows, proximally
placed thumbs, and grossly malformed upper limbs (Jackson et al., 1993).
In addition to facial and iimb abnormalities, individuals with BdLS may have
repotted medical problems ranging from ophthalmologic problems to hearing deficits to
gastrointestinal and heart problems. Jackson et al. (1993) found that ophthalmologic
problems occur in a high percentage of individuals with BdLS. The most significant
problems were myopia, ptosis, and nystagmus.
Sataloff et al. (1990) studied 45 individuals with BdLS and found that 76% of the
individuals had a hearing loss ranging from mild to severe. This same study reported that
30% had stenotic ear canals and 59% of the individuals had a cleft or abnormal palate.
However, the most significant medical problems commonly seen in individuals
with Brachmann-de Lange Syndrome include the gastrointestinal tract and the heart.
Jackson et al. (1993) report that the most common gastrointestinal abnormalities are
gastroesophageal (GE) reflux and forms of obstruction. In some cases, GE reflux can
cause various reactions in individuals such as back arching, hyperactive behavior, and
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other forms of distress. It is important not to rule out GE reflux, if any of these reactions
are noticed, because reflux that goes unnoticed can lead to esophageal damage, symptoms
of pulmonary congestion, and poor weight gain (Jackson et al., 1993).
In the study done by Jackson et al. (1993), 25% of the 310 individuals in the study
reported heart problems. The most cc imon heart problems reported in the study were
congenital heart lesions. The severity of the lesions varied from mild to severe.
Individuals with BdLS generally have difficulty overcoming heart lesions because of
their low weight, size and nutritional status (Jackson et al., 1993).
Other manifestations of Brachmann-de Lange Syndrome may be evident in an
individual’s cognition skills or social and/or emotional behavior. The CdLS Foundation
(2001) reported that developmental skills are often delayed in individuals with BdLS. It is
often the case that formal testing cannot be performed to determine the Intelligence
Quotient (IQ) of an individual with BdLS. However, of individuals that could be tested,
an average IQ score of 53 was found, which lies within the mild to moderate range of
mental retardation. It is important to note that this is an average, and as reported by the
CdLS Foundation (2001), “although mental retardation is typically present in this
syndrome, there are some people who have normal or slightly below normal
intelligence.”
According to Jackson et al. (1993), 159 of the 310 individuals that participated in
the study were able to take an IQ test. Of the 159 individuals, 87% had an IQ score of
less than 60. Kline et al. (1993) provided more specific results of formal developmental
testing of 56 patients with Brachmann-de Lange Syndrome. The results proved to be
similar to the findings reported by Jackson et al. (1993). The range of IQ scores of the
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individuals involved in the study done by Kline et al. (1993) ranged from below 30 to 85.
These numbers correspond with a profound to borderline classification of mental
retardation. Although a high percentage of individuals with BdLS are severely
cognitively impaired, there are also a substantial number of individuals who demonstrate
higher cognitive abilities than previously reported in the literature (Kline et ah, 1993).
Individuals with Brachmann-de Lange Syndrome may also exhibit behavioral
and/or social emotional problems. Jackson et al. (1993) noted that many parents of
children with BdLS reported that their children thrive in a structured and familiar setting
where the routine is highly dependable. Younger children with BdLS commonly display
stereotyped behaviors such as hand posturing, or a fascination with the movement of their
hands. Commonly accompanying the repetitive behaviors of these individuals is facial
grimacing and teeth grinding.
Sataloff et al. (1990) also reported that individuals with BdLS exhibit typical
behavior patterns. These individuals may engage in self-stimulating behaviors or become
self-abusive at times and usually react negatively to physical contact. Many individuals
with BdLS have a mask-like facial expression with very little variation, even with mood
changes.
In a survey of 64 patients with BdLS done by Hawley et al. (1985), it was
reported that 57% o f the individuals manifested behavior management problems. Some of
the problems noted included excessive screaming, biting and hitting self and/or others,
and tantrums.
Contrary to other reports, the CdLS Foundation (2001) reported that many
individuals with BdLS have no significant behavior problems. The CdLS Foundation
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describes a typical person with BdLS as “hypersensitive and dysrhythmia” The
hypersensitivity in these individuals may be apparent as they may have strong, abnormal
reactions to ordinary stimuli, which continue even after the stimulus has been removed.
Individuals with BdLS often display dysrhythmic patterns of behaviors in activities, such
as eating and sleeping.
The CdLS Foundation (2001) also reported that individuals with BdLS may lack
sensitivity to pain or display an increased sensitivity to touch. These individuals may also
demonstrate behavioral problems, such as hyperactivity, short attention span, and
oppositional and repetitive behavior.
Sarimski (1997) studied the social-emotional development of 27 children with
BdLS through parent report. This study found that over 50% of the 27 children in the
study behaved as if they were in their own world, had abnormal eye com act, and had
mimic and gestures. A high percentage of these children (61.5%) displayed fixed routines
and were upset by changes and 48% were described as over active and/or always moving.
The most common type of self-injurious or aggressive behaviors found in these children
were biting, scratching and head banging. Sarimski also reported that 46% of the children
displayed frequent mood changes.
Speech and Language
The speech and language abilities of individuals with Brachmann-de Lange
Syndrome are variable, ranging from a complete absence of speech and language skills to
normal development. There are many studies that report that individuals with BdLS have
an absence or delay of speech and language skills (Beck, 1987; Hawley et al., 1985;
Kline et al., 1993; Sataloff et al., 1990; Jackson et al., 1993; Goodban, 1993; Sarimski,
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1997; Mickelson, 2001). In fact, Sarimski (1997) reports that “the majority of individuals
with CdLS are severely retarded in their cognitive, language and social development (71).
However, Cameron & Kelly (1988) reported about a child with BdLS who had age
appropriate speech and language development.
As infants, many children with Brachmann-de Lange Syndrome have been
described as having a low pitched, feeble cry. This type of cry may disappear as the child
ages (Jackson et al., 1993; Sataloff et al., 1990; Cameron & Kelly, 1988).
As children grow, some go on to develop verbal language skills, while others do
not. Individuals with BdLS who do not develop or use a verbal form of language often
communicate through non-verbal means. Sarimski (1997) found that some individuals
who do not use verbal language use touch to get the attention of others. They may also
express their needs and wants through the use of gestures or sign language.
Individuals with BdLS who do develop speech and language skills are often
delayed in doing so. Goodban (1993) and Kline et al., (1993) reported that most often
individuals with BdLS have receptive language skills that are better than their expressive
language abilities.
Hawley et al. (1985) found similar results when they completed a survey on 64
individuals with Brachmann-de Lange Syndrome and found that 45% of these individuals
were able to follow verbal commands, while only 12% were able to combine words.
Kline et al. (1993) charted developmental milestones determined through a survey
administered to 122 individuals with BdLS. Results indicated that receptive language
skills, such as understanding verbal commands, were delayed by approximately 20
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months as compared to a normally developing child, whereas expressive communication
skills such as putting words together were delayed by more than two years.
Sataloff et ah, (1990) found that 60% of the 45 individuals in their study had
limited language skills, speaking very few words, but none of the children displayed a
complete absence of language. In most cases, the children who did learn to use verbal
language spoke with monotone voices.
Goodban (1993) completed a survey of the speech and language skills in 116
individuals with Brachmann-de Lange Syndrome. Results from this study found that 67%
of the 116 individuals had an expressive vocabulary that consisted of three to ten words
and 33% has a 1-2 word vocabulary or none at all. In these individuals, speech was
characterized by errors in articulation. The most common error noted was distortions or
omissions of consonants.
Sarimski (1997) found that 11% of the 27 individuals in this study used
conventional words and only 4% were able to combine words into sentences. In this
study, it was noted that there was limited development of vowels and consonants.
Conversely, Cameron and Kelly (1988) did a case study on a 2-year old child with
Brachmann-de Lange Syndrome and reported that the child had age appropriate speech
and language skills. Initially, the child in this study had delayed receptive and expressive
language skills, similar to many other children with BdLS. However, with early speech
and language intervention, the child was able to develop age appropriate skills. It is
reported that this child may have a mild form of BdLS, but this case study also
demonstrates the importance of early detection and intervention in children with BdLS
that have speech and language delays.
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Goodban (1993) also reported about individuals with BdLS that were judged to be
within normal to low normal limits for speech and language development. Of the 116
individuals with BdLS that were evaluated in this study, it was determined that 4%
possessed the normal speech and language skills. These results support that the speech
and language skills of individuals with BdLS vary.
It has been noted that hearing loss can be attributed to the speech and language
delays exhibited by children with BdLS. Goodban (1993) found that 3 of 14 (21%)
children with a moderate to severe hearing loss were able to combine at least 2 words into
sentences. It was also noted that 16 of 23 (70%) children with a mild loss or no loss at all
were able to combine at least 2 words into sentences.
Hearing
“It is probable that hearing loss is a manifestation of this syndrome [BdLS],”
(Goodban, 1993, p. 1059). Studies on the hearing abilities of individuals with
Brachmann-de Lange Syndrome, date back to 1957 when Zweymuller first reported
findings of a deaf patient with BdLS. Following this report, Ptacek et al.(1963) reported
that some patients that they studied had no reaction to sound stimuli that was presented to
them. Silver (1964) also reported that deafness is a related sign of BdLS.
Since Silver’s study in 1964, few studies have been done in the area of hearing
and BdLS. Yamanobe and Ohtani (2001) suggest that the lack of research in this area
may be due to the mental retardation or the short life span of many of the individuals with
BdLS. Of the studies that have been done, many report that individuals with BdLS have a
sensorineural hearing loss. The degrees of the reported hearing losses vary among the
individuals from a mild to profound deafness (Sataloff et al., 1990; Egelund, 1987;
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Marres et al., 1989; Ichiyarna, Hayashi, Tanaka, Nishikawa, & Furukawa,1994; Kaga,
Tamai, Kitazumi, & Kodama, 1995).
A study conducted by Sataloff et al., (1990) of 45 patients with Cornelia de Lange
Syndrome found that 38 of the 45 individuals (84%), with ages ranging from 5 months to
20 years, suffered from a mild to profound sensorineural hearing loss, 20 (44%) of which
were in the profound range. The hearing losses of these individuals were determined
through pure tone testing. The other seven individuals (16%) in this study could not be
tested audiometrically. Due to time and circumstances, extensive audiometric evaluations
were not completed in this study.
Several other studies have reported similar results of a sensorineural hearing loss
existing, with varying degrees from mild to profound, in individuals with Brachmann-de
Lange Syndrome (Egelund, 1987, Marres et al., 1989, Ichiyarna et al., 1994, Kaga et al.,
1995).
Egelund (1987) conducted a study that concentrated specifically on two children
with BdLS and their hearing abilities. In the first case, otoscopy, immitance testing
(tympanometry and acoustic stapedial reflex), and pure tone air and bone conduction
testing were used to determine that a 17 year-old child had a mild sensorineural loss in
the middle frequencies. In the second case, otoscopy, tympanometry,
electrocochleography, and auditory brainstem response were used to determine that a 2
year-old child had a bilateral cochlear loss.
Marres et al. (1989) used pure tone audiometry and free field audiometry to
determine the hearing thresholds of seven patients with BdLS whose ages ranged from 17
years to 37 years. One o f the seven patients (14%) presented a moderate bilateral
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sensorineural hearing loss confirmed by response to contralateral acoustic stapedial reflex
responses found at normal hearing levels. Two other patients (29%) presented with
unilateral sensorineural hearing losses. The hearing acuity of the other four patients
(57%) in this study was determined to be within normal limits.
A study completed by Kaga et al. (1995) reported the results of an auditory
brainstem response test found in ten children with BdLS whose ages ranged from 4
months to 10 years. The results of this study showed that children with Brachmann-de
Lange Sy ndrome have a high prevalence of peripheral sensorineural hearing loss, with
four of the ten subjects (40%) presenting with a severe bilateral loss, two subjects (20%)
with a severe unilateral loss, and two (20%) with a mild bilateral loss. Thus, 80% of the
individuals with Brachmann-de Lange Syndrome participating in this study had a
peripheral hearing loss to some degree.
Ichiyama et al., (1994) looked specifically at the hearing impairment of two boys,
ages 7 years and 2 years old, with BdLS also by using the results from an auditory
brainstem response test. The results of this study found that the 7 year-old subject had a
severe sensorineural hearing loss and that the 2 year-old subject had a mild sensorineural
loss.
Of the studies that have been done on hearing loss as a characteristic of
Brachmann-de Lange Syndrome, some have identified the specific type and degree of
loss that exists; however, incomplete audiometric profiles were used, which may not
completely delineate the scope and characteristics of the hearing loss.
In addition, no studies have been done that provide the central auditory
performance of individuals with BdLS. The CdLS Foundation (2001) reports, in most
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situations where individuals with BdLS have both visual and auditory impairments,
central auditory processing problems likely exist. However, the report also suggests that
at this time there is not enough data to provide information or incidence of the processing
problems that may exist. The proposed study will help to provide this much needed
information.
Existing literature indicates a relatively rich amount of information with regard to
the speech and language characteristics of individuals with Brachmann-de Lange
Syndrome. Unfortunately, the literature concerning the auditory characteristics of
individuals with BdLS is much less well developed. A review of the existing literature
shows that there is a paucity of research describing the auditory characteristics of
individuals with BdLS. The purpose of this investigation will be to contribute to the
existing literature concerning the auditory performance of individuals with BdLS. This
investigation will provide a complete auditory assessment, including measures of
peripheral performance, site of lesion tests, and measures of the central auditory status T
a 13 year-old child with Brachmann-de Lange Syndrome. It is the intent of this
investigation to provide additional information about the hearing characteristics of
individuals with BdLS to speech-language pathologists, audiologists, teachers, parents,
care givers, and others who may come in contact with individuals with this rare
syndrome.
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CHAPTER III
METHODOLOGY
Participant
The participant for this study was a 13 year-old Caucasian male who was
diagnosed with Brachmann-de Lange Syndrome (BdLS) at six months of age. The
current study is a continuation of a previous study that evaluated the speech and language
skills of the same participant (Mickelson, 2001). This investigation consisted of a number
of peripheral and central auditory tasks. Prior to the administration of any o f the tests an
informed consent was obtained from the participant’s parents. The participant and his
parents were informed that they could withdraw from the study at any time without any
penalties or loss of benefits. There were no additional costs for participation in this study.
Upon completion of the study, the results of the hearing tests were provided to the
participant and his family in a timely manner.
Tests and Materials
A variety of audiologic tests were used to analyze the peripheral and central
auditory performance o'" child with Brachmann-de Lange Syndrome. Total testing time
was approximately two hours and took place at the UND Speech, Language, and Hearing
Clinic on the campus of the University of North Dakota. Testing sessions lasted no longer
than one hour. Breaks from testing were implemented as necessary.

16

The purpose of the hearing testing was to determine the participant’s ability to
hear and use sound in his environment. There is limited information available about these
hearing characteristics in individuals with BdLS. A test battery consisting of comm dy
used clinical tests was used to evaluate the participant’s hearing performance. Anne
Burgard, a graduate student clinician, and Dr. Kevin Fire, a certified clinical audiologist
administered the hearing tests.
The evaluation began with a peripheral hearing assessment, which evaluated the
function of the participant’s outer, middle and inner ear. Following the peripheral tests,
several tests of central auditory processing were administered to evaluate the function of
the participant’s hearing beyond the inner ear, including the central auditory nervous
system. Each test assessed both the left and right ears. Tl c peripheral auditory tests were
as follows:
Peripheral Auditory Tests
Otoscopy
An otoscopic examination was performed using a Welch-Allyn Otoscope (model
#25020) to view the participant’s external auditory canal, tympanic membrane, and
visible middle ear structures.
Pure Tone Thresholds
The auditory thresholds of the participant were gathered to determine if the
participant had a hearing loss, and if so, its severity. The thresholds were determined byusing the Hughson-Westlake approach on a diagnostic pure tone audiometer (GrasonStadler, model GSI 6i). This pure tone hearing test was completed via air conduction.
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The frequencies that were tested by air conduction included 250, 500, 1000, 2000, 4000
and 8000Hz in the left and right ears.
Speech Recognition Threshold (SRT)
The speech recognition threshold (SRT) helped to determine the lowest
presentation level at which the participant could repeat speech heard through a set of
headphones. The participant’s SRT was determined using spondees from the CID W-l
word list, fhe Hughson-Westlake procedure was used to determine this auditory
threshold.
Word Identification Test
Following the SRT, a word identification task was attempted in a quiet room
using the NU-6 word list to determine the participant’s ability to identify words at
40dBSL relative to his speech recognition threshold. As this individual demonstrated
some articulation difficulties and was hard to understand, a picture pointing task was
substituted for the NU-6 word list. The substituted word list was taken from the Word
Intelligibility by Picture Identification test (WIPI; Ross & Lerman, 1980).
Immitance Tests
Tympanometry. The tympanometry test was conducted using a Grason-Stadler
GSI 33 Middle Ear Analyzer. This test evaluated the function of the participant’s middle
ear pressure and mobility using slight air pressure changes presented through a small
probe. The amount air of pressure change was comparable to the pressure that is exerted
by a depth of water of eight inches.
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Acoustic Stapedial Reflex. The participant’s acoustic stapedial reflex was
measured using a GSI 38 Auto Tymp. This test measures contractions of a muscle in the
participant’s middle ear resulting from the presentation of a series of quiet tones. The
muscle contractions were measured by changes in admittance over time presented on a
cathode ray tube screen. These contractions of the stapedius muscle resulted from the
presentation o f a series of tones ranging from 70-105dBHL. Ipsilateral reflexes were
measured by stimulating one of the participant’s ears and measuring the reflex in the
same ear. Contralateral reflexes were measured by stimulating one of the participant’s
ears and then measuring the reflexes in the opposite ear. Ipsilateral and contralateral
reflexes were measured in both ears at 500, 1000, 2000, and 4000 Hz.
Otoacoustic Emissions (OAEf
The participant’s otoacoustic emissions (OAE) were established using a Biologic
Scout Sport otoacoustic emission transducer. Otoacoustic emissions are sounds emitted
from a healthy cochlea in response to stimulus sounds presented to the ear and help
determine if the outer hair cells in the cochlea are functioning correctly. A probe that
consists of a receiver that presents the stimulating sounds and a microphone that
measures the stimulating sounds and the otoacoustic emission if present, was placed in
the participant’s external auditory canal. A screening test was completed in each ear to
measure the transient otoacoustic emissions and a diagnostic test was administered in
each ear to measure the distortion product otoacoustic emissions.
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Behavioral Site of Lesions Tests
The tone decay test, rollover index, and short increment sensitivity index were
then administered. These tests are site of lesion tests to help determine if a retrocochlear
pathology is present. These tests were administered even in the absence of a peripheral
hearing loss, not to determine site of lesion, but to determine if these tests could be
administered to an individual with BdLS.
Tone Decay Test (TDrQ
The tone decay test is a site of lesion test and helps determine if a sensorineural
hearing loss is due to a disorder in the cochlea or the eighth cranial nerve. The OlsenNoffsinger (1974) approach was used during this test. When administering this test, a
tone was presented at 20dBSL and increased in 5dB increments until the participant
heard the tone for a complete 60 seconds. The tone was presented using the GSI 61
audiometer at 500 and 2000Hz in each ear.
Rollover Index
The rollover index is another site of lesion test to help determine whether a
sensorineural hearing loss is primarily due to damage in the cochlea or damage in the
eighth cranial nerve. As this individual did not demonstrate a sensorineural hearing loss,
this test was still completed to determine whether the rollover index could be completed
on an individual with this syndrome.
The method used to calculate the rollover index is a comparison of word
identification ability at this individual’s best performance level. This is termed PB Max
and is taken to be speech understanding ability at 40dBSL relative to the speech reception
threshold. This speech understanding ability is compared to the individual’s speech

20

understanding ability at a high presentation level, which is termed PB Min. For the
purposes of this study, PB Min was determined at 90dBHL. The rollover index is
calculated as the arithmatic difference between PB Max and PB Min divided by PB Max,
as illustrated in the following formula, RI = (PB Max-PB Min)/PB Max. If an individual
demonstrates a high rollover index, this indicates a likely site of lesion on the auditory
nerve.
Short Increment Sensitivity Index (SISI)
The SISI is a site of lesion test designed to help determine whether a sensorineural
hearing loss is due to damage in the cochlea or damage in the eighth cranial nerve. This
test is administered by presenting a carrier tone at 2QdBSL, relative to the frequency level
at which the SISI is being conducted. Superimposed on this carrier tone are increases of
intensity o f 5dB, 2dB, or ldB. If an individual is able to hear the increases in intensity
that are superimposed upon the carrier tone at 80% or greater accuracy, the pathology is
likely due to damage in the cochlea.
As this individual did not demonstrate a peripheral hearing loss, the purpose of
this test was not as a site of lesion test, but to determine whether this test could be
administered to an individual with this syndrome. Tones were presented at 2000 and 4000
Hz using the GSI 61.
Central Auditory Processing Tests
Following the peripheral, objective and behavioral tests, the participant’s central
auditory performance was assessed. The central auditory system includes the brain stem,
the fibers that project sound to the auditory centers of the brain, and the auditory centers
themselves (Roseberry-Mckibbin & Hegde, 2000).
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The central auditory system is responsible for the following behavioral
characteristics: sound localization and lateralization, auditory discrimination, auditory
pattern recognition, temporal resolution, masking, sequencing, integration, the ability to
fill in the blanks of degraded acoustic signals, the ability to sort out competing signals,
and binaural integration.
All of the speech stimuli that were used during these tests were pre-recorded and
were presented via the GSI 61 audiometer through Technics Model 57 cassette tape deck.
For the duration of the central auditory processing battery, the participant was seated in
an IAC double-wall, two-suite sound booth and wore TDH-50 headphones mounted in
MXAR-41 cushions.
Staggered Spondaic Word Test
The Staggered Spondaic Word Test consists of presenting two two-syllable
spondees to the participant. One stimulus word is presented to each ear. The stimuli are
temporally overlapped so that one syllable of each of the words is presented in a
competing mode, and one syllable of each word is presented in a non-competing mode.
The participant was asked to repeat the two staggered words that he heard.
This test was included because the central auditory nervous system contributes to
auditory sequencing and auditory memory, as well as the ability to hear with competing
messages. This test assesses auditory sequencing, auditory memory and the ability to hear
with non-competing and competing stimuli.
Filtered Speech Subtest
The Filtered Speech Subtest, also from the Willeford Battery, was conducted.
During this test, words are passed through a low- pass filter, causing them to sound
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“muffled”. The filtered words are presented to one ear at a time and the participant is
asked to repeat the words that he heard.
This test was included because the central auditory nervous system appears to be
sensitive to the ability to hear acoustically degraded stimuli. As this test is a spectrally
degraded test, it is sensitive to detecting a central auditory nervous system pathology.
Time Compressed Speech Perception Test
During the Time Compressed Speech Perception test, stimulus words were
compressed in time 60 percent, thus removing some of the temporal redundancy of
speech. Words were presented to one ear at a time and the participant was asked to repeat
each word that he heard.
As was mentioned under the filtered speech section, the central auditory nervous
system assists us in the ability to hear acoustically degraded stimuli. In this test, the
stimuli are temporally degraded, as opposed to spectrally degraded, and therefore, this
test is felt to be sensitive to central auditory nervous system performance.
Binaural Fusion Test
In the Binaural Fusion Test, the stimulus words were divided into high and low
frequency segments. These segments were presented to the participant at the same time to
both of his ears. The participant was asked to recombine the two segments into a whole
word and then repeat the stimulus word that was presented to him.
Another function of the central auditory nervous system is to integrate auditory
information presented to each of the individual ears. This test was included as it required
the participant to integrate auditory information that was presented to each of his ears.
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The original methodology called for the administration of the following tests,
however, due to articulation difficulties demonstrated by the participant, it was
determined that sentence-based materials were unable to be scored accurately. Therefore,
the following three tests are provided here for information sake only and were not
included as a part of this thesis. It was determined that another sentence-based test, the
Pediatric Speech Intelligibility test (Jerger & Jerger, 1984), could be administered,
however, due to time constraints, this test was not administered.
Speech Perception in Noise Test
The Speech Perception in Noise Test requires a participant to repeat the last word
in a series of sentences that are presented to them in the presence of background noise.
While administering this test, the sentences are presented at +8 dB signal to noise ratio
with multi-talker babble presented in the same ear as the stimulus sentence. One half of
the sentences presented end in a word that is highly predictable based on the context of
the sentence, while the other half of the sentences end in words that are unpredictable
based on the content of the sentence.
The central auditory nervous system assists us in auditory figure ground tasks.
This test is a measure of an individual’s ability to hear an auditory signal in the presence
of background noise and was included to determine that component of central auditory
processing.
Competing Sentence Subtest
The Competing Sentence Subtest from the Wiileford Battery is administered by
presenting a sentence to one ear while a masking sentence is presented to the contralateral
ear at the same time. The masking sentence is presented at a 20dB higher intensity than
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the target sentence. The participant is asked to ignore the louder (masking) sentence and
repeat the target sentence.
Another central auditory processing skill that an individual may have includes the
ability to listen to each ear independently, that is to listen to one ear while a competing
message is presented to the other ear. This test was included to assess that aspect of the
participant’s central auditory processing abilities.
Rapidly Alternating Speech Perception Test
The Rapidly Alternating Speech Perception Test consists of presenting sentences
that are divided into small temporal segments. The segments are rapidly alternated
between the participant’s ears. The participant is asked to combine the left and right ear
segments and make whole sentences and repeat the sentences aloud.
As mentioned in the binaural fusion test, one of the skills of the central auditory
nervous system is to integrate auditory information that is presented to the two ears. In
this test, information is temporally separated and an individual must integrate the
auditory information. Therefore, this test was included to assess the participant’s ability
to integrate temporally separated information.
Procedures
The peripheral and central auditory tests were administered over two test sessions
that lasted approximately one hour each. Prior to administering the tests, an informed
consent form was given to the participant’s parents to review. The researcher met the
participant and his family in Montgomery Hall, Room 101 on the University of North
Dakota campus, where the consent form was signed and questions were answered before

the initial test session began. Both test sessions took place in the Audiology Suite of
Montgomery Hall.
A peripheral hearing assessment was done during the first testing session to
evaluate the participant’s outer, middle and inner ear. This assessment consisted of the
following tests, otoscopy, pure tone thresholds, tympanometry, acoustic stapedial reflex,
otoacoustic emissions (transient and distortion product), speech recognition threshold,
short increment sensitivity index, tone decay, and rollover index.
The second testing session was a central auditory processing assessment, in which
the following tests were administered; Staggered Spondaic Word Test, Filtered Speech
Test, Time Compressed Speech Reception, and the Binaural Fusion Test. The Competing
Sentence Test, Speech Perception in Noise Test, and the Rapidly Alternating Speech
Perception Test were not administered due to articulation errors produced by the
participant.
The procedures for each of the peripheral and central auditory tests are discussed
in detail in the following section.
Peripheral Hearing Tests
Otoscopy
The peripheral assessment began with an otoscopic examination. An otoscope
(Welch-Allyn, model #25020) was used to view the participant’s external auomny canal,
tympanic membrane, and visible middle ear structures r>

;g this test, the participant

was seated in a chair. The participant was a.awd to sit quietly while the researcher
inserted the tip of the otoscope into his ear. The researcher looked for any abnormalities

26

in the participant’s external auditory canals and tympanic membranes in both ears. This
test took approximately 15-20 seconds.
Pure Tone Thresholds
Following the otoscopic examination, the participant’s auditory thresholds were
determined. For this test, the participant was seated in an IAC double wall, two suite
sound-treated booth located in Montgomery Hall. The participant was given the
following instructions: “You will hear some sounds through the headphones, some will
be loud and some will be very soft. Please raise your hand each time you hear a sound
and lower it when the sound goes away. If you are not sure about a sound, please feel free
to guess.” The tones were presented through a set of TDH-50 headphones mounted in
MXAR-41 cushions.
Several trials were presented before the actual testing began to insure that the
participant understood the directions of the test. Thresholds were determined using the
Hughson-Westlake approach on a pure tone audiometer (Grason-Stadler, model GS1 61).
This pure tone hearing test was conducted via air conduction. The frequencies that were
tested by air conduction included 1000, 2000, 4000,8000, rechecked 1000, 500, and
250Hz in both ears. This test took approximately 10 minutes to complete.
Speech Recognition Threshold (SRT)
Next, the speech recognition threshold of the participant was determined. For the
duration of this test, the participant was seated in the sound booth. The participant was
instructed to repeat the words that he heard as the loudness level of the presented words
decreased. Prior to the administration of the actual test, several practice trials were
implemented, where the directions were carefully explained to participant and he was
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asked to repeat words similar to the stimulus words he would hear through the
headphones.
The participant’s SRT was determined using spondees from the CID W-l word
list. These were two syllable spondees, such as “baseball,” or “hotdog.” The HughsonWestlake procedure was used to determine the participant’s threshold during this test.
This test took approximately three minutes to administer.
Word Identification Test
Following the SRT, the investigators had planned to do a word identification test
using the NU-6 word list. This would require the participant to repeat aloud the words
that he heard. However, it was determined that due to articulation errors, it was difficult
to determine the accuracy of the participant’s response. Therefore to insure the accuracy
of the responses, the procedure was changed to include a picture-pointing task.
Twenty-five words from the Word Intelligibility by Picture Identification test
(WIPI; Ross & Lerman, 1980) were presented to each ear at 40dB SL relative to the
spondee threshold. Instead of repeating the words aloud, the participant was shown a set
of six pictures and asked to point to the picture of the word he heard and his word
recognition score was determined this way. This test took approximately 2 minutes to
administer.
Immitance Tests
Tympanometry. The tympanometry test was conducted using a Grason-Stadler
GSI 33 Middle Ear Analyzer. During the tympanometry test, the participant was seated
and asked to sit quietly as the researcher inserted a small probe into his ear. Slight air
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pressure changes were presented through the small probe to measure the participant’s
middle ear pressure and mobility. This procedure took approximately 20-30 seconds.
Acoustic Stapedial Reflex. The participant’s Acoustic Stapedial Reflex was
measured using a GSI 38 Auto Tymp. This test was conducted immediately following the
tympanometry test. The participant was seated in the same position as for the
tympanometry test and the researcher inserted small probes into his ear. Unlike the
tympanometry test, in the acoustic stapedial reflex test, there were no air pressure
changes, rather there were several short tones used to elicit contractions of a muscle in
the participant’s middle ear. The muscle contractions were measured by changes in
admittance over time presented on a cathode ray tube screen. These contractions of the
stapedius muscle resulted from the presentation of a series of tones ranging from 70105dBHL. Ipsilateral reflexes were measured by stimulating one of the participant’s ears
and measuring the reflex in the same ear. Contralateral reflexes were measured by
stimulating one of the participant’s ears and then measuring the reflexes in the opposite
ear. Both ipsilateral and contralateral reflexes were measured at 500, 1000, 2000, and
4000 Hz in both ears. This procedure took approximately five minutes to administer.
Qtoacoustic Emissions (OAE1
The participant’s otoacoustic emissions were established using a Biologic Scout
Sport otoacoustic emission transducer. The participant was seated and asked to sit
quietly, as both transient and distortion product OAEs were tested. A probe that consists
of a receiver that presents the stimulating sounds and a microphone that measures the
stimulating sounds and the otoacoustic emission if present, was placed in the participant’s
external auditory canal. A screening test was completed in each ear to measure the
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transient otoacoustic emissions and a diagnostic test was administered in each ear to
measure the distortion product otoacoustic emissions. This test took approximately five
minutes to administer.
Behavioral Site of Lesion Tests
Tone Decay
During the tone decay test the participant was seated and asked to raise his hand
when a tone began and to lower his hand when he no longer heard the tone. Several
practice trials were implemented to condition the participant as to how to respond to the
tone. The Olsen-Noffsinger approach (1974) was used during this test. The tone was
presented, using a GSI 61, at 20dB above his auditory thresholds at 500 and 2000Hz. The
tone was presented to determine if the participant heard it for 60 seconds. This test took
approximately 5 minutes to administer.
Rollover Index
The participant was seated in an IAC double wall, two-suite sound-treated booth
while his rollover index was established. To determine the participant’s rollover index, he
was presented with 25 words and pictures from the Word Intelligibility by Picture
Identification test (Ross & Lerman, 1980) at 90dB HL to determine if he had difficulty
understanding speech at a high presentation level. The WIPI words have pictures that
correspond with the words that are being presented and instead of repeating the word
aloud, the participant pointed to the picture of the word he heard. After the participant
pointed to the picture of the word he heard, the clinician in the sound booth repeated the
word aloud to insure accurate scoring of this test. This test took approximately 2 minutes
to administer.
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Upon completion of this test, the participant’s rollover index was calcuated. The
rollover index is calculated as the arithmatic difference between PB Max and PB Min
divided by PB Max, as illustrated in the following formula, RI = (PB Max-PB Min)/PB
Max.
Short Increment Sensitivity Index (SISD
The participant was asked to raise his hand if he heard increases in loudness in the
tones that were presented. Several practice trials were presented and the clinicians
explained what the incieases would sound like before the test was attempted. However,
this test was discontinued because it was unclear if the participant understood the
directions of this test, as responses during the practice trials were inconsistent.
Central Auditory Processing Tests
Following the clinical and behavioral tests, the participant’s central auditory
performance was assessed. All of the speech stimuli that were used during these tests
were pre-recorded and presented through Technics Model 57 cassette tape deck. For the
duration of the central auditory processing battery, the participant was seated in an IAC
double wall, two- suite, sound-treated booth and wore TDH-50 headphones mounted in
MXAR-41 cushions. The total testing time for the central auditory processing battery was
approximately one hour.
Staggered Spondaic Word Test
During the Staggered Spondaic Word Test two two-syllable spondees were
presented to the participant under headphones. One stimulus word was presented to each
ear. The stimuli were temporally overlapped so that one syllable of each of the words was
presented in a competing mode, and one syllable of each word was presented in a non
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competing mode. The participant was asked to repeat the two staggered words that he
heard and the researchers transcribed his responses. Thirteen trials were presented to the
right ear and twelve to the left ear. This test took approximately 5 minutes to administer.
Filtered Speech Subtest
During this test, words pass through a low-filter, causing them to sound
“muffled”. The filtered words were presented to one ear at a time and the participant was
asked to repeat the words aloud that he heard and the researchers transcribed his
responses. Words were taken from the Willeford test battery and 25 words were
presented to each ear. Several practice words were presented to the participant to insure
he knew the task. This test took approximately 5 minutes to administer.
Time Compressed Speech Perception Test
The Time Compressed Speech Perception test stimulus words are compressed in
time 60 percent, thus removing some of the temporal redundancy of speech. Compressed
words from the WIPI test (Ross & Lerman, 1980) were presented to one ear at a time and
the participant was asked to point to the picture of the word that he heard. Twenty-five
words were presented to each ear. One clinician was seated in the sound booth with the
participant holding the picture book. After the participant pointed to the picture, the
clinician repeated the word that the picture represented aloud to insure accurate scoring.
This test took approximately 3 minutes to administer.
Binaural Fusion Test
In the Binaural Fusion Test, the stimulus words are divided up into high and low
frequency segments. These segments were presented to the participant at the same time to
both of his ears. The participant was asked to recombine the two segments into a whole
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word and then repeat the stimulus word that was presented to him. The researchers had an
answer sheet available and indicated on the answer sheet whether the word participant
repeated was the correct stimulus word or not. This test took approximately 3 minutes to
administer.
Due to articulation difficulties of the participant, it was determined that sentencebased material would be difficult to score and difficult to determine whether the
participant was hearing the correct stimulus sentences. Therefore, the sentence-based
materials were not included in this study.
Data Reporting and Analysis
During many of the tests, the researchers transcribed the responses. On some of
the tests, however, the researchers simply marked whether the stimulus word was
correctly repeated. As this is a case study, no inferential statistics were generated from
this investigation. The data that is reported is the participant’s performance on each of the
individual tests he was administered. The results from this study have been compared to
existing age-matched norms for individuals without this syndrome and also to the results
of the previous studies done on hearing as a characteristic of Brachmann-de Lange
Syndrome.
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CHAPTER IV
RESULTS AND DISCUSSION
Participant Case History
The information in this section was provided by the participant’s mother and
taken from a biography about the participant completed in a previous study (Mickelson,
2001). Information about the participant' s birth, developmental milestones, speech and
language skills, hearing abilities, behaviors, likes and dislikes will be reported in this
section.
The participant’s mother reported a normal pregnancy lasting 40 weeks. The
participant, who will be called T., weighed six pounds, one ounce when he was bom.
After he was born, T. was placed in the neonatal intensive care unit to monitor breathing
difficulties that were present at birth. At this time, many tests were administered, but the
source of the breathing irregularities could not be determined. The breathing problems
persisted for several weeks and an apnea monitor was sent home with T. and his family.
As an infant, T. was often sick, displayed eating difficulties and had a weak cry
(Mickelson, 2001).
In October 1989, when T. was six months old, he was diagnosed with
Brachmann-de Lange Syndrome. According to Mickelson (2001), the characteristics that
were definitive in making the diagnosis in T. were low birth weight, small stature,
prominent eyebrows, small hands and feet and unusual chest and nipples, all
characteristics commonly exhibited in children with BdLS.
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As i . got older, his mother reported that many developmental milestones such as
sitting alone, babbling, crawling, walking, talking and others were significantly delayed.
T. received early intervention services from a physical therapist, occupational therapist,
and speech-language pathologist when he was eight months old to address feeding issues,
fine and gross motor skills, strength and balance, and to encourage any kind of verbal
output. With these intervention services, T. began to sit alone at approximately 14 months
and crawl at 18 months of age. He began to walk unassisted when was 3 years old. No
speech sounds were produced until T. was approximately 3 lA years old.
Although T. made some speech sounds at approximately 3 years of age, he did not
produce any words until he was approximately 7 years old. At that time he had a limited
vocabulary which included words such as “no”, “mama”, “daddy”, and “go”. Other than
those four words, T.’s speech was unintelligible (Mickelson, 2001). In Mickelson’s study
(2001), focus was placed directly on T.’s speech and language skills. Assessment results
from this study found that T.’s expressive and receptive language skills had ageequivalent scores of 4 years, 7 months and 7 years, 10 months respectively.
Currently, T.’s mother reports that he is able to communicate his needs by talking,
however some words are difficult to understand, especially for unfamiliar listeners. T.’s
mother also reported that she has noticed some slow improvements made in T.’s speech
and language since Mickelson’s study in 2001, and that he is continually using new
words.
T.’s hearing abilities have never been a concern. His mother reported that she
thinks he has very good hearing. T.’s hearing was checked when he was approximately 2
years old and there were no major concerns at that time. He also passed a hearing
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screening given b> Mickelson during the 2001 study. Currently, there are no concerns
about his hearing, no reported aural pain or discharge of any kind. However, T.’s hearing
abilities are of interest because of the high incidence of hearing loss reported in the
literature in individuals with BdLS.
As with other children with BdLS, T.’s mother reported that he has occasional
mood swings, displays hyperactivity, distractibility, repetitive movements and often has
difficulty sleeping. However, she also reported that these behaviors have become much
more controlled over the past few years.
T. is currently in the sixth grade. At school, he receives services from the
occupational therapist, speech-language pathologist, and a resource teacher. He has a
paraprofessional for support in the classroom and he attends regular science and art
classes.
T.’s mother reports that he is a social child who really enjoys social situations,
and he especially enjoys attention from adults. Some of T.’s other interests include going
places in the car, music and magazines. He dislikes doing physical work and he
especially does not like being alone, as it causes him anxiety.
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Results and Discussion
A variety of audiologic tests were used to analyze the peripheral and central
auditory performance of a child with Brachmann-de Lange Syndrome. Total testing time
was approximately 2 hours and took place at the UND Speech, Language, and Hearing
Clinic on the campus of the University of North Dakota. There were two testing sessions,
which lasted no longer than one hour each. Breaks from testing were implemented as
necessary.
The evaluation began with a peripheral hearing assessment, which assessed
function of the participant’s external, middle, and inner ear. Each peripheral test assessed
both the left and right ears. Results from the peripheral tests were as follows:
Peripheral Hearing Tests
Otoscopy
An otoscopic evaluation was completed to view the participant’s external ear
canal and tympanic membrane. The tip of an otoscope was inserted into the participant’s
external auditory meatus while he sat quietly in a chair. This was the first test done with
this participant. He appeared nervous, but quickly relaxed and adjusted nicely to the
testing situation. The otoscopic examination yielded normal results in both ears. There
were no obvious abnormalities in the external ear or tympanic membrane. In addition, no
preauricular tags or pits were noted.
It should be noted that stenotic or narrow ear canals are commonly found in
individuals with BdLS and the participant in this study had ear canals of normal size and
shape and no obvious abnormalities were identified.
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Pure Tone Thresholds
The auditory thresholds of the participant were assessed to determine if he had a
hearing loss, and if so, its severity. The participant sat in a sound-treated booth and was
asked to raise his hand each time he heard a tone through a set of headphones. Several
practice trials were administered before the actual tones were presented to insure the
participant understood what he was to do and that the results gathered were reliable.
Results from this test revealed a flat configuration to the audiogram with all the
auditory thresholds found at levels better than 20 dBHL, which suggests that the
participant has normal hearing in both his left and right ears (see Figure 1). The following
frequencies were tested, 250, 500, 1000, 2000, 4000 and 8000 Hz. In his left ear the
following pure tone thresholds were determined, 5 dBITL at 250 Hz, 10 dBHL at 500 Hz,
0 dBHL at 1000 Hz, 10 dBHL at 2000 Hz, 10 dBHL at 4000 Hz, and 20 dBHL at
8000 Hz. The pure tone thresholds for the participant’s right ear were 5 dBHL at 250 Hz,
15 dBHL at 500 Hz, 10 dBHL at 1000 Hz, 10 dBHL at 2000 Hz, 10 dBHL at 4000 Hz
and 15 dBHL at 8000 Hz. The participant’s three frequency pure tone average (500,
1000, 2000 Hz) in the left ear was approximately 7 dBHL and in the right ear it was
approximately 12 dBHL. The participant’s auditory thresholds were not tested by bone
conduction, due to the normal results found by air conduction testing.
Normal auditory thresholds are found at 25 dBHL or lower. The participant’s
thresholds all fell within the normal range in both ears when tested by air conduction.
When air conduction results are in the normal hearing range, testing by bone conduction
is no longer necessary, because bone conduction results are always the same or better
than air conduction thresholds. Bone conduction is necessary if air conduction results are
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abnormal. Then, thresholds would be assessed via bone conduction to help determine the
type of loss the individual may have.
The participant’s auditory threshold results are remarkable since a great majority
of the existing literature suggests that a large percentage of individuals with BdLS have a
hearing loss of some degree. This participant showed no hearing loss at all and had very
good hearing peripheral auditory sensitivity, which is uncharacteristic of individuals with
BdLS. It is believed that the participant fully understood the directions for this test, and
therefore the results gathered are indicative of the participant’s true hearing abilities.
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Figure 1. Pure Tone Audiometry Results for Right Ear (O) and Left Ear (X).
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Speech Recognition Threshold (SRT)
The speech recognition threshold helped to determine the lowest loudness level at
which the participant could repeat words that he heard through a set of headphones. This
test is indicative of the participant’s ability to hear and recognize speech at low hearing
levels. Prior to the administration of the actual test, several practice trials were
administered where the directions were carefully explained to participant and he was
asked to repeat words similar to the words he would hear through the headphones. The
participant cooperated very well and demonstrated that he understood the test directions.
The participant’s SRT was determined by using spondees from the CID W-l word
list, which consisted of two syllable spondees, such as “baseball,” and “hotdog.” The
Hughson-Westlake procedure was used throughout the duration of this test. Results from
this test, indicated that the participant had a speech recognition threshold of 5 dB in both
his left and right ears, which is within normal limits.
A SRT score for an individual with normal hearing is usually within 5 to 7 dB of
the individual’s pure tone average (PTA). In this case, the participant’s PTA in his left
ear was approximately 7 dBHL and in his right ear approximately 12 dBHL. Therefore,
the participant’s SRT scores of 5 dBHL in both ears fall within the normal range of the
auditory thresholds predicted by the pure tone average. These results suggest that the
participant is able to recognize words at low presentation levels, which is consistent with
the participant’s normal pure tone hearing results.
Word Identification Test
Following the SRT, a word identification task was administered in a quiet room
with the participant seated and wearing a set of headphones. The participant was asked to
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identify words that he heard through the headphones. Twenty-five words were presented
at 40 dBSL relative to the spondee threshold. Because the spondee threshold for this
participant’s was 5 dB in both ears, during the word identification task, the words were
presented at 45 dB.
Initially, the use of words from the NU-6 word list was proposed for this test.
However, the use of this word list was discontinued due to articulation difficulties
demonstrated by the participant. It was determined that if this stimulus word list was used
with the participant, possible scoring errors could have been made due to
misunderstandings of the words the participant was producing.
Adjustments in the testing situation were made so that the word identification test
did not have to be eliminated. Instead of repeating the words he heard aloud, the
participant demonstrated his word identification abilities by being shown a set of six
pictures and then being asked to point to the picture of the word he heard.
Words and pictures were taken from the Word Intelligibility by Picture Identification test
(WIPI; Ross & Lerman, 1980).
During the administration of this test, one of the clinicians sat in the testing room
with the participant and held the picture stimuli and then said the word aloud after the
participant pointed to the picture of the word presented to him. This was done to insure
accurate scoring. This method proved to be successful in gathering reliable and valid
results. In the right ear, the participant had a word identification score of 84% at
45 dBHL and he had a word identification score of 92% at 45 dBHL in the left ear.
The results from the word identification test are somewhat lower than would be
expected in relation to the pure tone thresholds of the participant. In general, individuals
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with normal hearing are able to identify words with 90 - 100% accuracy. Although only
a slight difficulty is noted, it is unknown whether or not the lower word identification
scores in this particular individual are due to an auditory perceptual problem or to a
phonemic identification problem.
Immitance Tests
Tympanometry, The tympanometry test was completed to assess the participant’s
middle ear pressure and mobility. During the tympanometry test, the participant was
seated and asked to sit quietly and still as the researcher inserted a small probe into each
ear individually and slight air pressure changes were produced. During the production
and modification of the air pressure, a probe tone was presented to the ear and the
immitance equipment measured the transmission of this probe tone through his middle
ear system at the various air pressures. The participant cooperated very well and this test
was completed very quickly.
The tympanometry test indicated that the participant had normal middle ear
function. Both the right and left tympanograms were Type A normal, suggesting normal
middle ear pressure and mobility. In his left ear, the participant had an ear canal volume
of 1.0 cm3, a tympanogram peak height (static admittance) of 0.6 cm3, a tympanogram
width (tympanogram gradient) of 80 daPa, and a middle ear pressure o f -30 daPa (see
Figure 2). In his right ear, the participant had an ear canal volume of 0.9 cm3, a
tympanogram peak height (static admittance) of 0.4 cm3, a tympanogram width
(tympanogram gradient) of 105 daPa, and a middle ear pressure of -20daPa, which are all
within normal limits (see Figure 2).
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Normal results for a tympanometry test in children fall in the following ranges,
ear canal volume 0.4 - 1.0 cm3, peak 0.2 - 0.9 cm3, width 6 0 - 150 daPa, and pressure
-150 - +100 daPa. The participant’s results fell within these ranges in all areas in both
ears, suggesting normal middle ear function.
Acoustic Stapedial Reflex. The acoustic stapedial reflex test measures
contractions of the stapedius muscle in the participant’s middle ear resulting from the
presentation o f a series of quiet tones ranging from 70-105 dBHL. The participant’s
ipsilateral (same side) and contralateral (opposite side) acoustic stapedial reflexes were
measured at 500, 1000, 2000, and 4000 Hz.
The participant was seated in the same position as for the tympanometry test and
the researcher inserted a small probe into his ear, which emitted the quiet tones necessary
for muscle contraction. The participant had both normal ipsilateral and contralateral
acoustic stapedial reflexes in his left and right ears.
When his left ear was stimulated and reflexes were measured in the same ear
(ipsilaterally), the following results were revealed, at 500 Hz the reflex occurred at
100 dBHL, at 1000 Hz 105 dBHL, at 2000 Hz 105 dBHL, and at 4000 Hz there was no
reflex found (see Figure 2). When the right ear was stimulated and reflexes were
measured in the right ear, the participant’s reflexes occurred at 90 dBHL at 500 Hz,
85 dBHL at 1000 Hz, 95 dBHL at 2000 Hz and 80 dBHL at 4000 Hz (see Figure 2).
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ECU 1.9 cm3 PEAK 0.6 cm3 L
OR
80 daPa
- 30 daPa

ECU 0 .9 cm3 PEAK 0.4 cm3 R
GR 105 daPa
- 20 daPa

Figure 2. Tympanometry and Ipsilateral Acoustic Stapedial Reflex Results for the
Left Ear (top) and Right Ear (bottom).
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To measure contralateral reflexes, small probes are placed in both ears and one
ear is stimulated and the reflex is measured in the opposite ear. When the participant’s
right ear was stimulated and reflexes were measured in the left ear the following results
were noted, 100 dBHL at 500 Hz, 90 dBHL at 1000 Hz, 90 dBHL at 2000 Hz and 105
dBHL at 4000 Hz (see Figure 3). When his left ear was stimulated and the reflex was
measured in his right ear, the participant’s reflexes were as follows, 95 dBHL at 500 Hz,
85 dBHL at 1000 Hz, 95 dBHL at 2000 Hz and 100 dBHL at 4000 Hz (see Figure 4).
To complete this test, the participant must be very quiet and sit very still in order
to get valid results. Measuring contralateral reflexes presented more of a challenge, as the
participant was laughing and somewhat restless, often pulling out the probes. However, it
is believed that these results are valid, as the participant became somewhat desensitized
to the probes in his ears and became more relaxed over time.
In a normal ear, one can typically measure the contraction of the stapedius
muscle, both ipsilaterally and contralaterally, at a level between 70 - 105 dBHL at 500,
1000, 2000, and 4000 Hz. The only noteworthy finding of the acoustic stapedial reflexes
was the absence of a reflex at 4000 Hz in the participant’s left ear only. This is not an
uncommon finding, as individuals with normal auditory performance often do not have a
reflex in their ears at that frequency. In fact, according to Katz (1994), individuals with
normal hearing do not exhibit acoustic reflexes 30% of the time. The participant’s results
fell within normal limits in both ears when stimulated both ipsilaterally and
contralaterally.
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Otoacoustic Emissions tOAE!
The participant’s transient and distortion product otoacoustic emissions were
established in his right and left ears. OAEs help to determine if a hearing loss is present.
A screening test was administered to assess the participant’s transient otoacoustic
emissions and a diagnostic test was administered to assess the participant’s distortion
product otoacoustic emissions.
Transient OAE. Transient otoacoustic emissions are sounds emitted from the
cochlea in response to short acoustic stimuli, usually clicks. A short stimulus is put into
the ear through a small probe and a healthy-functioning cochlea produces sounds, which
are detected by a small microphone placed inside the ear canal. Transient OAEs usually
occur between 500-4000 Hz (Katz, 1994).
During this test, the participant was asked to sit quietly as small probes were
inserted into his ear. To obtain accurate results for this test, the individual being tested
must sit quietly with very little movement. Initially, the participant displayed some
sensitivity to the probes in his ears and exhibited a nervous laugh, affecting the results, so
the test had to be run several times to insure accurate results. The equipment was
calibrated so that sounds in the ear canal above a level of 40 mlPa pressure would be
rejected as being too high of an amplitude to be an otoacoustic emission. While the
participant vocalized, the sampling that occurred during his vocalizations was stopped
due to the high amplitude of his vocalizations. However, with time the participant
became desensitized to the probes and relaxed and the test was completed and the results
gathered were deemed representative of the participant’s true hearing.
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Results from the transient otoacoustic emission test were determined to be within
normal limits. The participant’s transient otoacoustic emissions in the right ear had a
robust response waveform, and a response FFT that was well-formed across frequencies
(see Figure 5). The reproducibility levels, as well as the transient evoked otoacoustic
emissions, at some of the bands, were somewhat lower than the default settings on the
equipment would accept for a passing level (see Table 1). However, an observation of the
transient otoacoustic emissions, as opposed to the noise floor in this individual’s ear
indicated that the transient otoacoustic emissions were present.
Results from the left ear indicated a robust response waveform, and a response
FFT that was well-formed across frequencies (see Figure 6). The reproducibility levels
and the transient otoacoustic emissions were somewhat better than those found in the
right ear. The overall reproducibility level in the left ear was 72%, which is equivalent to
a passing level (see Table 2).
In a person with normal hearing, transient otoacoustic emissions are found with a
robust response wave form, a well-formed response FFT where the response from the
basilar membrane is above the background noise, and a reproducibility rate of 70% or
above, which is then considered to be a reliable transient otoacoustic emission.
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Figure 5. Right Ear Transient Otoacoustic Emission FFT Response.

Table 1. Right Ear Transient Otoacoustic Emission Results.
Right: 07-Nov-02: Stab:100% : TE Screen, 70% for Pass, 1.2-3.5 kHz: 02K07T04.TE
Frq(kHz) Repro(%) TE(dB)
NF(dB)
TE-NF(dB) Resuit
71
1.0
-2.9
-9.0
6.1
1.5
47
-5.5
-9.1
3.6
2.0
37
-4.4
2.4
-6.8
3.0
45
-0.6
-4.4
3.8
4.0
0
-8.6
-6.9
-1.7
1.2-3.5
3.4
43
1.8
Refer
-1.6
-

-

-

-

-
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Figure 6. Left Ear Transient Otoacoustic Emission FFT Response.

Table 2. Left Ear Transient Otoacoustic Emission Results.

Left: 07-Nov~02: Stab:100% : TE Screen, 70% for Pass, 1.2-3.5 kHz: 02K07T01.TE
NF(dB)
TE-NF(dB) Result
Frq(kHz) Repro(%) TE(dB)
1.5
26
-5.5
-7.0
1.0
-8.3
7.1
1.5
70
-1.2
-6.4
7.7
83
1.3
2.0
-5.9
2.6
3.0
41
-3.3
0.9
-7.2
-8.1
2
4.0
4.1
-2.0
6.1
Pass
72
1.2-3.5
-
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Distortion Product OAE. Distortion product otoacoustic emissions are sounds
emitted from the cochlea in response to two tones of different frequencies (FI and F2)
that are put into the ear simultaneously. As FI and F2 enter the ear, the tones stimulate
outer hair cells. This in turn leads the outer hair cells to begin their active process in
tuning the basilar membrane. This non-linear active process leads to some distortions in
the vibratory characteristics in the basilar membrane and this leads to sounds being
produced by the basilar membrane. The highest amplitude sound produced, known as the
cubic difference tone, is typically found at a mathematical relationship of 2F1-F2. In a
person with normal auditory performance this level of cubic difference tone would be at
least 6 dB above the ambient background noise of the auditory system.
In this particular case, the FI was presented to the ear at 65 dBHL and F2 was
presented at 55 dBHL. The relationship between FI and F2 is 1.2 times. The main
purpose of the distortion product is to identify if a hearing loss of 35 dBHL or greater is
present. Results are considered to be normal if the cubic difference tone (CDT) occurs
above the background noise by 6 dB or more.
During this diagnostic distortion product otoacoustic emission test, the distortion
product otoacoustic emissions were measured at eight different frequencies ranging from
750-8000 FIz. The participant was asked to sit very still as probe microphones were
inserted into his ear. Because the distortion product was determined immediately
following the transient otoacoustic emissions, the participant was desensitized to the
probes and sat still, was relaxed and testing was completed quickly.
The participant’s distortion product otoacoustic emissions were found to be
normal in both ears (see Figure 7). The distortion product otoacoustic emissions in the
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participant’s left ear ranged from 6.8 dB and 20.3 dB and in his right ear it ranged from
8.2 -21.0 dB (see Table 3).
The results from these tests are important because literature in this area of testing
in individuals with BdLS is very limited. In addition, the OAE tests are becoming the
tests of choice used to assess the hearing abilities of individuals, who may be difficult to
test, which may include individuals with BdLS. The findings from these OAE tests
appear to support that otoacoustic emission testing may be a test of choice, particularly
distortion product otoacoustic emissions, as a mechanism for determining the auditory
threshold in this population, especially when assessing individuals who are difficult to
test.
One thing that may be learned from this investigation is that individuals with
BdLS may be sensitive, at least initially in the testing, to the tones being presented and
may vocalize during the test procedure which may require additional time to administer
the test. Clinicians assessing OAEs in individuals with BdLS should allow adequate time
to complete the procedure.
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Figure 7. Left and Right Ear Distortion Product Otoacoustic Emission DPogram.

Table 3. Left and Right Ear Distortion Product Otoacoustic Emission Results.
Left: 07-NOV-02: 750-8000 Hz Diagnostic Test: 02K 07D 02.0A E
L1(dB)
L2(dB)
F1(Hz)
F2(Hz)
GM(Hz)
DP(dB)
64.9
54.9
6654
7966
7280
1.4
64.8
54.6
4686
5623
5133
-0.1
65.0
54.9
3327
3983
3640
-2.3
65.1
55.1
2811
2343
2566
-10.8
54.9
65.1
1640
1968
1797
-5.5
65.3
54.9
1171
1406
1283
9.7
65.2
55.2
843
1031
932
10.0
65.0
54.8
609
750
676
9.5

NF(dB)
-18.9
-17.8
-21.6
-17.6
-17.1
-4.5
-5.5
0.4

DP-NF(dB)
20.3
17.7
19.3
6.8
11.6
14.2
15.5
9.1

Right: 07-Nov~02: -: 750-8000 Hz Diagnostic Test: 02K 07D 03.0A E
L1(dB)
L2(dB)
F2(Hz)
GM(Hz)
DP(dB)
F1(Hz)
54.9
6654
65.2
7966
7280
-2.1
64.8
54.6
4686
5623
5133
-1.9
54.9
3327
65.0
3983
3640
-5.2
54.8
64.6
2343
2811
2566
-11.3
1968
53.9
1640
1797
64.3
O.S
64.9
54.0
1171
1406
1283
6.3
843
1031
65.2
54.5
932
7.6
750
65.2
55.2
609
676
6.9

NF(dB)
-19.7
-19.1
-18.5
-22.1
-19.3
-14.7
-8.0
-1.3

DP-NF(dB)
17.6
17.2
13.3
10.8
20.7
21.0
15.6
8.2
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Behavioral Site of Lesion Tests
The tone decay test, rollover index, and short increment sensitivity index were
administered next, and are site of lesion tests that determine if retrocochlear pathology is
likely present. Based on the normal results from the previous peripheral tests, there was
not an expectation of a retrocochlear disease. The purpose of administering these three
tests was not to determine if the participant had a sensorineural or eighth cranial nerve
hearing loss, but to ascertain whether or not these types of tests could be administered to
individuals with BdLS. The findings from the three site of lesion tests are presented in the
following sections.
.Tone Decay Test (TDT)
In this test, the participant was asked to raise his hand when he heard a tone
presented through headphones. He was instructed to leave his hand raised until the tone
stopped. The participant was thoroughly informed of the directions for this test and
practice trials were implemented before the actual tone was presented to insure that he
fully understood the directions for this test.
The Olsen-Noffsinger (1974) approach was used during this test, where the tone
was presented at 20 dBSL relative to the test frequency for 60 seconds. The results for the
tone decay test revealed that the participant was able to hear the tone for 60 seconds when
presented at 20 dBSL at 500 and 2000 Hz in both ears. These results are consistent with
the participant’s normal hearing ability.
An individual with normal hearing should be able to hear a tone presented at
20 dBSL for 60 seconds. A person with a conductive or cochlear hearing loss would also
be able to hear the tone for 60 seconds at 20 dBSL. However, if an individual is not able

55

to hear the tone for the 60 seconds duration at 20 dBSL, it is indicative of a neural
hearing loss.
In the case of this investigation, it was determined via audiometry that the
participant did not have a peripheral hearing loss. Therefore, the expectation is that this
participant would be able to hear the 20dBSL tone for a duration of 60 s. The purpose of
this test was not to determine the site of lesion for this participant, but whether he could
complete the task.
This was an important test to administer, because it is a useful site of lesion test to
help determine whether a hearing loss is primarily in the cochlea or primarily on the
eighth cranial nerve. This may be an important test to be able to administer to individuals
with BdLS, as the literature commonly suggests that these individuals may have some
degree o f sensorineural hearing loss. It was determined in this investigation that the
participant was able to understand and respond to this test and this has not been reported
in the existing literature. This may indicate the tone decay test is a useful test to help
determine if an individual is found to have a sensorineural hearing loss, whether it is
primarily sensory or neural.
Rollover Index
The rollover index is used to determine whether or not an individual is at risk for
a retrocochlear lesion. In order to determine the participant’s rollover index, the results
from this test must be compared to the results found during the word recognition test that
was previously administered at 40 dBSL.
The participant was seated in a sound booth while his rollover index was
established. To determine the participant’s rollover index, he was presented with 25
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words from the Word Intelligibility by Picture Identification test (WIPI; Ross & Lerman,
1980) word list and asked to point to the picture of the word he heard. The words were
presented at 90 dBHL to determine if the participant had difficulty understanding speech
at a high presentation level.
The WIPI word list was used in place of a PB word list, because the participant
demonstrated articulation difficulties making his speech difficult to understand when he
repeated the words aloud that he heard through the headphones. The WIPI words have
pictures that correspond with the words that were presented and instead of repeating the
word aloud, the participant pointed to the picture of the word he heard. After the
participant pointed to the picture of the word he heard, the clinician in the sound booth
repeated the word aloud so that the test administrator could accurately record his
responses.
At a presentation level of 90 dBHL (PB Min), the participant was able to respond
to 84% o f the 25 words presented in the right ear and 80% of the 25 words presented in
the left ear. The results from this test were compared to the results from the word
identification test at 40dBSL above his speech reception threshold (PB Max) to determine
the participant’s rollover index.
When the words were presented at 40 dBSL (PB Max), the participant’s score in
the right ear was 84% and the left ear was 92%. The participant’s PB Min was 84% at
90 dBHL in the right ear and 80% at 90 dBHL in the left ear. The rollover index was
calculated from the formula PB Max - PB Min/ PB Max. According to this calculation,
the participant’s rollover index in the right ear was (84-84/84) 0 and in the left ear it was
(92-80/92) 0.13.
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It was expected that this participant would have a low rollover index in both ears,
as individuals who demonstrate a io!lover index higher than the level demonstrated by
the participant would typically be found to have some peripheral hearing loss. For
instance, if an individual has a retrocochiear lesion their rollover index is typically above
0.4, or if they had a cochlear lesion their rollover index would range from 0.15-0.3.
Individuals with a conductive hearing loss or normal hearing would have a rollover index
of below 0.15.
This participant demonstrated a rollover index of 0 in his right ear and 0.13 in his
left ear, which were consistent with his normal hearing found on his clinical audiometric
testing. Therefore, the reason this test was included in this investigation was not to
determine whether this individual had a retrocochiear or cochlear lesion. Rather, this test
was included to determine whether this site of lesion test may be used to test individuals
with BdLS, if a sensorineural loss is found, to help determine whether the loss is
primarily in the cochlea or neural structures.
Short Increment Sensitivity Index (SISO
The participant was asked to raise his hand if he heard increases in loudness in the
tones that were presented. During practice trials for this test, it was unclear if the
participant understood the directions or the concept of how the sound would increase in
loudness. His responses were very inconsistent during the practice trials for this test, so
the SISI was discontinued. However, due to the normal results of the other tests
administered, no retrocochiear pathology is suspected. It should be noted that this test
was more difficult for the participant to understand and this may be true when attempting
to administer this test to other individuals with BdLS.
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Central Auditory Processing Tests
Following the peripheral objective and behavioral site of lesion tests, the
participant’s central auditory performance was assessed. Central auditory assessment
focuses on the hearing abilities that occur in the area between the inner ear and the brain.
The central auditory system includes the brain stem, the fibers that project sound to the
auditory centers of the brain, and the auditory centers themselves (Roseberry-Mckibbin &
Hegde, 2000).
Staggered Spondaic Word Test
The Staggered Spondaic Word Test was the first test of central auditory
processing that was administered to the participant. This test consists of presenting two
two-syllable spondees to the participant. One stimulus word is presented to each ear. The
stimuli are temporally overlapped so that one syllable of each of the words is presented in
a competing mode, and one syllable of each word is presented in a non-competing mode.
The participant was asked to repeat the two staggered words that he heard through a set
of headphones.
A visual example of this test stimulus presentation my be illustrated as:
Right ear = BaseBall
Left ear =

HotDog

Tim e------------------------ >
In the case illustrated above, this individual would hear “baseball” presented to
the right ear and “hotdog” presented to the left ear. The syllable “base” would be
presented to the right ear in a non-competing fashion, “ball” would be in the right ear and
“hot” would be in the left ear in a competing fashion, and “dog” would be presented to
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the left ear in a non-competing fashion. In this way scores can be determined for
competing and non-competing conditions.
The participant was able to complete this test. Several practice trials were
implemented before the actual test began. The participant was able to successfully wait
until two words were presented before he repeated them back. During the test, however,
although two two-syllable words were presented, the participant usually only repeated the
first word he heard in the lead err. An example of two words from this test are “upstairs”
and “downtown.” The word “up” is presented in a non-competing mode, whereas “stairs”
and “down” are in a competing mode, and then “town” is non-competing. The word
“upstairs” is what is heard in the lead ear (right ear, in this case), while “downtown” is
heard in the left ear. When the right ear was the lead ear there were 13 trials. The
participant was able to identify 92% of the right non-competing words (“up”), 75% of the
right competing words (“stairs”), 15% of the left competing words (“down”), and 31% of
the left non-competing words.
When the lead ear shifted to the left side, there were 12 trials and the results were
almost exactly reversed. The participant identified 75% of the left non-competing words,
75% of the left competing words, 17% of the right competing words, and 25% of the
right non-competing words.
Most commonly the participant repeated back the two-syllable word heard in the
lead ear. It is unknown whether this is due to an auditory memory problem or if the
participant simply did not wait for the two words to be presented before he repeated them
back.
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An important finding from this investigation is that this participant was able to
complete this test. While it is unknown at this time whether the response pattern the
participant demonstrated was indicative of a central auditory processing problem or
whether he did not fully understand the instructions of this test, this does appear to be ?
test that could be included in a test battery to determine the centra! auditory processing
status of individuals with BdLS.
Filtered Speech Subtest
The Filtered Speech Subtest from the Willeford Battery was conducted. During
this test, words were passed through a low-filter, causing them to sound “muffled”. The
filtered words were presented to one ear at a time and the participant was asked to repeat
the words that he heard. Several practice trials were implemented before actual testing
began to insure the participant understood the directions.
During the assessment, 25 words were presented to each ear. The participant was
able to identify 48% of the filtered words presented to the right ear and 36% of the words
presented to the left ear.
An important finding in this investigation was that the participant was able to
complete this test, thus this may also be a test that could be included in a test battery to
assess the central auditory processing skills of individuals with BdLS. During this test,
the participant repeated back the words he heard and his results were lower then would be
expected for a child with his chronological age and his developmental age.
At this time, it is not known if this lower score can be completely attributed to
decreased phonemic decoding skills. There is also a possibility that some of the reduction
in the score may be due to decreased speech intelligibility of the participant. Because the
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participant’s speech was somewhat hard to understand at times, the score on this
particular test may increase if it is presented in such a way that the participant could point
to pictures o f the filtered words that he heard instead of repeating them aloud.
Time Compressed Speech Perception Test
During the Time Compressed Speech Perception test, stimulus words were
compressed in time 60%, thus removing some of the temporal redundancy of speech.
Words were presented to one ear at a time and the participant was asked to point to the
picture of the word he heard. Words for this test were taken from the compressed version
of 25 words from the WIPI test (Ross & Lerman, 1980). Several examples were given to
the participant before the test began and he was able to successfully point to the picture of
the compressed word presented.
In the right ear, the participant was able to correctly identify 36% of the
compressed words presented and 44% of the compressed words in the left ear. It is of
interest that when words from the WIPI wordlist (Ross & Lerman, 1980) were previously
presented at a normal presentation rate during a word identification task, the participant’s
scores were also lower than expected based on his peripheral hearing abilities. This test
may, in fact, provide more evidence that this individual has some phonemic decoding
difficulties because his score was somewhat lower based on his peripheral hearing
sensitivity even when there was no temporal or spectral degradation of the words.
In addition, it is important to note that this test could be performed on this
individual with BdLS with minor modifications, in which the participant pointed to
pictures of the words he heard rather than repeating them aloud.
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Binaural Fusion Test
In the Binaural Fusion Test, the stimulus words are divided into high and low
frequency segments. These segments were presented to the participant at the same time to
both of his ears. The participant wa~ "-Iced to recombine the two segments into a whole
word and then repeat the stimulus word that was presented to him. Several examples
were presented to the participant to make sure that he fully understood the directions of
the test. Once this was determined the testing began.
During the first part of the test the high frequency segment of the word was
presented to the left and the low frequency segment to the right ear. Ten words were
presented and the participant was able to recombine the high and low frequency segments
in 60% of the words. When the high frequency segment was presented in the right ear
and the low frequency segment was presented to the left ear, the participant was able to
recombine 20% of the words.
It was evident that the participant understood the directions for the test, as he
demonstrated this during several practice trials. However, the results from this test in
both the left and right ears should be interpreted with caution since the test was
terminated because the errors that the participant was making were non-phonemically
based errors. He would often say words before any were presented and/or repeat words
that had different articulatory patterns than the words presented as though he was making
up his own words. It appeared that the participant was quite distracted during this test and
had difficulty concentrating. However, it is important to consider that this test may be
appropriate for other individuals with BdLS, as the directions did not seem to cause the
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invalid results, rather this subject appeared to demonstrate a difficulty with concentration
and/or attention during this particular test.
The initial expectation was that this participant would complete the Speech
Perception in Noise Test, Competing Sentence Test and the Rapidly Alternating Speech
Perception Test. However, due to speech intelligibility concerns in this individual, the
administration of all sentence-based tests in this investigation was terminated. However,
it was determined that the Pediatric Speech Intelligibility test (PSI; Jerger & Jerger,
1984), using sentence-based material could possibly be administered to this participant.
In the PSI, sentence based material is used as a stimulus, but the individual does not have
to repeat the sentences aloud, rather he has to point to pictures corresponding with the
sentence.
The results from this investigation suggest that one should not make the
assumption that all individuals with Brachmann-de Lange syndrome will have peripheral
or central hearing loss. Individuals with BdLS that are functioning as high as the
participant in this investigation may be able to complete a variety of peripheral and
central auditory hearing tests that were never known of before.
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CHAPTER V
SUMMARY AND CONCLUSIONS
A total of 13 audiologic tests were administered to a 13-year old male with
Brachmann-de Lange syndrome (BdLS) to assess his peripheral and central auditory
performance. Many of the audiologic tests that were administered in this study have
never been reported in the existing literature that focuses on the hearing abilities of
individuals with BdLS.
The individual in this study may have a mild form of Brachmann-de Lange
syndrome. His overall functioning is at the level of a seven-year old child. His receptive
language skills are approximately 7 years, 10 months and his expressive skills are at
approximately 4 years, 7 months. This delay in expressive language interfered with some
of the audiologic tests that required a verbal response, however adaptations were made
where possible. It was also noted that this participant might be sensitive to touch, as
during some test where probes were inserted into his ears, he exhibited a nervous laugh
and became uneasy. However, as the participant became desensitized to the probes over
time, he was able to relax and testing could continue.
The peripheral tests (otoscopic examination, pure tone thresholds, immitance
tests, otoacoustic emissions, speech recognition threshold, tone decay test, and rollover
index) that were administered all revealed normal results. These findings suggest that the
participant's outer, middle, and inner ear are all functioning properly and no hearing loss
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was present. However, it should be noted that the participant’s ability to identify words at
40 dBSL, relative to his SRT, and at 90 dBHL were lower than would be expected in
relation to his hearing abilities. It was postulated that this may be indicative of a
phonemic decoding problem.
Most of the studies that have been done on hearing and BdLS have found that the
majority of the participants in the study exhibit a hearing loss to some degree (Ptacek et
al., 1963; Silver, 1964; Sataloff et al., 1990; Egelund, 1987; Marres et al., 1989; Ichiyama
et al., 1994; Kaga et al., 1995). Contrary to most ot the existing studies, the individual in
this study was found to have normal hearing. This finding highlights the importance that
a careful assessment of hearing should be completed on individuals with BdLS. It is
important not to make the assumption the hearing loss is characteristic of all individuals
with BdLS.
Following the peripheral assessment, several central auditory processing tests
were administered (Staggered Spondaic Word test, Filtered Speech test, Time
Compressed Speech test, Binaural Fusion test). These tests revealed that the participant
might have some auditory perception problems, namely in tasks requiring auditory
memory and phonemic decoding.
Three of the tests from the central auditory test battery (Speech in Noise test,
Competing Sentence tests, Rapidly Alternating Sentence test) could not be administered
to this individual with BdLS, due to articulation difficulties. All three of the tests require
that the participant repeat sentences aloud. When the participant was asked to repeat a
sentence he heard, he omitted many of the functor words and numerous articulation errors
were present, causing his responses to be difficult to understand. It was determined that
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results from these tests would not be a true representation of the individual’s actual
central auditory processing abilities at the sentence level.
In future studies, it is possible that these tests could be administered to an
individual with decreased intelligibility using the Pediatric Speech Intelligibility test
(PSI; Jerger & Jerger. 1984). This test was designed to assess the central auditory
processing skills of children three to six years of age. The PSI assesses central auditory
skills of children by allowing the child to point at pictures rather than respond verbally.
This test would be appropriate to use for the participant in this study, due to his low
speech intelligibility and his ability to point to pictures in response to stimuli he has
heard.
The central auditory findings of this individual should be interpreted with caution,
as little is known about the central auditory skills of individuals in this population. The
results are difficult to interpret and cannot be compared to other findings, since there is
no existing literature on the central auditory processing skills of individuals with BdLS,
Future research is needed in this area to aid audiologists in making accurate diagnoses
about the central auditory skills of this population. Additional research is also suggested
so the appropriate treatment can be implemented, if central auditory processing problems
do occur in individuals with BdLS.
A wealth of new information was yielded from this case study on the peripheral
and central auditory performance of a child with Brachmann-de Lange syndrome. Results
were gathered from several audiologic tests that have never before been reported on
individuals with BdLS, including tests of central auditory processing. Not only is it
important that new audiologic test results can be reported, but it is also very important to
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note the fact that the administration of these tests is possible in an individual with BdLS.
The extensive test battery used in this study did accurately assess and provide a
detailed description of the peripheral hearing abilities of this particular individual.
Although the findings are contrary to most of the existing literature that focuses on
hearing and BdLS, it is hoped that this study will add a new perspective about the hearing
characteristics of individuals with this syndrome.
In addition, this study provides useful information about the hearing abilities of
one individual with Brachmann-de Lange syndrome that may be helpful to audiologists,
speech-language pathologists, teachers, caregivers and others who might work with
individuals with BdLS. It is hoped that as research continues on Brachmann-de Lange
syndrome answers to some of the unknown questions about the syndrome will be
discovered and additional information regarding the hearing abilities of individuals with
this rare syndrome will be provided.
A limitation of this study is that it was a case study that assessed the peripheral
and central auditory performance of one relatively high-functioning individual with
Brachmann-de Lange syndrome. Because this individual was high functioning, his
performance on many of the auditory tests may not be representative of other individuals
with this syndrome. In addition, this investigation was somewhat limited, as sentencebased materials were not administered due to articulation difficulties exhibited by the
participant.
Future research is suggested focusing on the auditory abilities of individuals with
Brachmann-de Lange Syndrome. Future investigations should involve a greater number
of participants with BdLS of varying degrees and abilities, to provide results that are
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more representative of individuals with BdLS. In addition, different auditory perceptual
tests could be administered in future studies. These tests could include sentence-based
material in which the participant does not have to respond verbally.
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